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1. Introduction
. Aim of the project

> Achieve maximum Protons
: : 120 GeV YA .
possible yield (number SE=— = é AP2 line
of antiprotons per Tager  Litium 3 e @
proton)
" We expect that we can improve it from ~14X10° to ~40x.0°
. Scope

> PhyS| cs of antiproton production, collection and transport

Optl mization of antiproton capture
¢ Target length
¢ Beta function on the target

" Scattering and absorption of antiprotons in the lithium lens

" Effect of lens non-linearities

~ Chromatic effects in the transport line

" Proton beam intensity limitations

» Technica limitations

" Lithium Lens Upgrade — Morgan
“ AP2 & Debuncher Aperture — Gollwitzer
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2. Antiproton Yield from Nickel Target
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Antiproton production in the target has been ssimulated P. Bussey with MARS code (N.
Mokhov)
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Antiproton yield as function of the
target length for optimum beta-function
Dp/p=£2.25%
Beam acceptances of 15, 20, 25, 30 and 35 mm mrad
Rms beam size at the target is 100 mm
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Angular distribution function of 8 GeV
antiprotons for 8 cm target

For 8 cm the target that yields

€y » 26 mm mrad.
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Dependence of antiproton yield on the proton beam size

- Energy deposition on the target limits
decreasing the beam size

1 — —

0.9

2
25s 0 N
> E, »890[g|GtM2 o
S ¢ 2%40

0.8

Relativeyield

> It is doubled due to particle shower

0.7

> Presently, Ep~1000 Jg, S pp~180 nm.

0.6
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rms size of proton beam [mm]

| _ _ _ - Beam sweeping is required for 10*°
Relative antiproton yield on rms size of proton on the target (Slip stacking)
the proton beam for acceptances of 10, 15,

20, 30 and 40 mm mrad (curves follow
from bottom to top); target length of 8 cm,
antiproton absorption and scattering in the
lens are taken into account, lens gradient
Is 75 kG/cm.
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3. Lithium lens and optimization of its focusing
Scattering and absor ption of antiprotonsin thelithium lens
- Nuclear scattering and absorption of antiprotonsin the lithium lensis the major
mechanism for antiproton loss in the lens

& L, L., ©
= expy- ——- —2 7% 0.82 -for15cmlens

8 I—AbsLi I—AbsBe Q
L =15.5 cm and Lg.=1.2 cm are total lengths
of lithium and beryllium

Kk

lens

800 T T T

L pps, =102 cmand L 5, =30.2 cm are o0 - _
nuclear collision lengths for lithium and s
beryllium T i

- Multiple scattering in the lens can be
estimated by the following formula,

: /_2 - 13.6 MeV I—Li LBe ! —4 -2 l) L2 4
q - BPC X + X Theta [mrad]

L Be Distribution functions of point like

=0.635mrad beam after passing through lithium

X.i=155 cm and Xg.=35.3 cm are the radiation !ens simulated by MARS and

lengths for lithium and beryllium compu_ted with use of multiple
scattering formula
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Scattering in the lens changes optimum beta-function at the target

I
2.10 °
X
« X X X X X

©
3 X X X X
>
c
S
o =5 | —
.§1-10
=
<

0 | |

0.5 1

15

Beta-function [cm]

Antiproton yield on the beta-function at the
target for acceptance of 15 mm mrad.

Solid line— no scattering and absorption in the lens,
" —only multiple scattering is taken into account.
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Emittance growth dueto scattering

De » Rensﬁ

For the lens with radius of 1 cm that
yields De = 6.3 mm mrad.
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Antiproton yield on lithium lens gradient in the linear focusing approximation for lens lengths of 15
and 18 cm.

Rms proton beam size at the target is 130 nm. Energy acceptance is+2.25%.
Present limitation of the lens gradient is 75 kG/cm

1 cm lensradiusiswell justified

Focusing is [ (¢ Byoynaarfl » While design limits the pressure P p Bboumlary2
P Radius change does not change focusing
Smaller lensradiusis preferable for reducing of scattering effect

Increased acceptance limits the minimum lens radius because of increasing beam
sizeinthefirst triplet
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Non-linearity of beam focusing in thelithium lens
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1. Skin-effect, DG/G ~ +7%.
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Dependence of magnetic field on radius
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2. Effect of temperature gradient on lens nonlinearity, DG/G ~ +1%.
Steady state solution

P r?

T(r)=T(O)+——— Ppb DI=10K b Dj/j =4%
(r) =T(0) o /]
ree 10
B(r) = B, — ——”—24 b DB/B=2%
2 | P
Relaxation time = 1.2 S Versus repetitiontime=15s

Consideration of pulsed nature of lens heating exhibits significantly smaller result

3. Effect of lens edges on lens nonlinearity DG/G ~ +0.1%.

3 2 5 4

2p e, r°dey. r u
B (11 2) = €12 o g gz (@) 5 e U@ ol
(
bF 3™ b pR/F~10°
F 8L

lens
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Dependence of antiproton yield on the pulselength of lithium lens current
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L ens pulse of 360 nslooks well optimized

0 Longer or shorter pulse length will require more power deposition in the lens
Non linearity does not cause significant particle loss
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Effect of lens non-linearity and antiproton scattering on the antiproton vield
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Antiproton yield
|deal lens - k =3.2540"

+Nuclear absorption - k = 2.6640° (-18%)
+Multiple scattering - k = 2.5240° (-6.5%)
+Lensnonlinearity - k = 2.7040°(+1.5%)
For

Emittance 25 mm mrad

Available accelerating gradient of the lens

b =2.25¢cm

Diens = 400 cm

lens to target length = 29.5 cm
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4. Antiproton transport from the target to the
Debuncher (AP2 line)

Optics match in theline depends on acceptance

25 mm mrad
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Tracking

—from the target to the debuncher with lens nonlinearity and scattering taken into account

40 mm mrad acceptance
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Chromaticity of beam envelopes
- Isresponsible for ~10% emittance dilution at the end of the line
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Relative variations of the vertical beta-function
as function of the vertical betatron phase Dependence of the maximum beta-
advance function variation on momentum:

solid curve — horizontal plane,
dash-dotted curve — vertical plane
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Dependence of antiproton yield on acceptance for optics solutions optimized for
acceptances of 25 and 40 mm mrad, lens gradient 75 kG/cm,

solid curve —the yield at the target,

dashed curve — the yield in the center of the transport line (Q717),
dotted curve —the yield at the line end,

cross — the yield corresponding to the calculations

Little dependence on the target beta-function yields little dependence on opticsiif
there is sufficiently large aperture

In reality steering errors cause stronger dependence on optics mismatches
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Debuncher aperture
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5. Current status and expected improvements

Antiproton yield
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Expected gains

| mprovement Gain
factor

Effective acceptance increasefrom 17to40 | 2.0

mm mrad with out compromising effective

energy spread of +2.2%

Increase of lithium lens gradient from 75 to 1.17

100 kG/cm

Optics correction at the end of AP2 line 1.1

Beam size decrease from 200 to 100 nm 1.04
Totd 2.67

Total antiproton production is expected to grow from ~15x10° to ~404.0°.

To get therewe plan to:

1. Carry out careful study and correction of the transport line and debuncher optics and

orbits

2. To open apertures in the debuncher and AP2 line

3. Toimprove parameters of the lithium lens

4. To install sweeping of the proton beam on the target
5. To rebuild the vertical dispersion suppressor with aim to reduce its chromaticity
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